In mammals, taste receptor cells are organized into taste buds on tongue. Taste buds are trophically maintained by taste neurons and under continuous renewal, even in adults. We found that the receptor for Sonic hedgehog (Shh), Patched1 (Ptc), was expressed around taste buds where cells were proliferating, and that Shh was expressed within basal cells of taste buds. Denervation caused the loss of Shh and Ptc expression before the degeneration of taste buds. q
Results
Ptc is a conserved target of Shh signaling; its expression can indicate the tissues responding to Shh during development Marigo et al., 1996) . Shh and Ptc were reported to be expressed in developing taste papillae in the embryonic stage, suggesting that Shh is involved in the morphogenesis of taste papillae (Hall et al., 1999; Jung et al., 1999) . Here we report the expression of Shh and Ptc in lingual epithelium of the adult mouse.
Taste buds in the tongue are localized in three types of taste papilla, the circumvallate, foliate and fungiform papillae. In circumvallate papillae, the expression of Ptc was found in epithelial cells on the basal side adjacent to each taste bud but not in the taste buds (Fig. 1A) . In contrast, Shh was expressed in limited basal cells within the taste buds (Fig. 1B) . The same expression pattern of Shh was observed in fungiform and foliate papillae (Fig. 1C and data not shown). Ptc and Shh expression in the tongue was restricted to local epithelium containing taste buds, and the expression was not detectable in the other epithelial regions or underlying mesenchyme (Fig. 1D,E) . In sagittal sections, Ptc expression was found to be present in the basal but not in the apical region surrounding the taste buds (Fig. 1F) . Shh expression in basal cells was enclosed by the Ptc-expressing region (Fig. 1G ).
Cells within a taste bud undergo continual turnover, even in the adult tongue. The studies following [ 3 H]thymidine incorporation have shown that epithelial cells surrounding the taste bud divide, and that some of the daughter cells enter the taste bud (Beidler and Smallman, 1965; Farbman, 1980; Delay et al., 1986) . We injected BrdU to label proliferating cells and compared the distribution of BrdU-labeled cells with the Ptc expression pattern. At 24 h after BrdU injection, BrdU-labeled cells occurred around the taste buds in epithelia of circumvallate papillae and the distribution of BrdU-labeled cells was included within the Ptc-expressing regions surrounding taste buds (Fig. 2A±F ). At 5.5 days after BrdU injection, BrdU-labeled cells were evident within taste buds, suggesting that proliferating cells around taste buds had migrated into the taste buds (Fig. 2G) .
We next crushed the right glossopharyngeal nerve (IXth) and compared the expressions of Ptc and Keratin8 in circumvallate papillae in serial adjacent sections, using the left trench as a control. Taste buds in circumvallate papillae are innervated by IXth nerve and disappear at about 8 days after the nerve crush (Smith et al., 1994) . Keratin8 is expressed in taste buds, so the signal for Keratin8 indicates remaining taste cells (Zhang et al., 1997) . Four days after the right IXth nerve crush, the expression of Ptc had almost disappeared in the right trench, while the expression of Keratin8 was noted (Fig. 3) . The Shh expression, like Ptc, had disappeared in taste buds after denervation (data not shown). These observations indicate that the Shh and Ptc expression is nerve dependent, and those expression disappeared after the denervation of taste buds during the phase in which the taste bud structure was still intact.
Our results show that Shh and Ptc are associated with the taste bud maintenance by nerve in adult mouse.
Methods
The animals used in these experiments as adults were 8± 20-week-old C57BL/6N mice. The glossopharyngeal (IXth) nerve crushes was basically performed as described previously (Smith et al., 1994) . Adult mice were injected (50 mg/kg i.p.) with bromodeoxyuridine (BrdU) (Roche Molecular Biochemichals) as described previously (Cho et al., 1998) . Incorporated BrdU were detected with BrdU Labeling and Detection Kit II (Roche Molecular Biochemichals). ) and Shh (E) were restricted to the epithelium containing taste buds but not detectable in the other epithelial region or underlying mesenchyme. The epithelial region of circumvallate papillae was analyzed by Ptc (F) and Shh (G) in serial adjacent sections. Roundshaped boundaries of each taste bud pro®le can be identi®ed. (F) In transverse sections of each taste bud, Ptc was detected in the basal (white asterisk) but not in the apical (red asterisk) epithelial region surrounding the taste bud. (G) Shh was expressed within the taste buds. Clusters of Shh-expressing cells were observed in taste buds near the basement membrane (white arrow). Tissues were sectioned at 5 mm, and in situ hybridization was performed as previously described (Asano-Miyoshi et al., 1998) . Scale bars, 50 mm (in A) for (A±C); 100 mm (in D) for (D,E); 50 mm (in F) for (F,G). 
